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1 
This invention relates fo modulators of the 
type adapted t0 produce an A.  C. 0utPut signal 
proportional fo a D. C. input Signal, and of the 
type adapted fo produce an A. C. utput Signal 
prop0rtional in magnitude, and corresponding in 
phase, fo the magnitude and sign, respectively, 
of the difference between two D. C. input signali. 
Although the present invention may be em: 
ployed generally wherever D. C. fo A. C. con- 
version is desired, a comm0n application of such 
converters, or modulators, is round in A. C. 
servomechanisms wherein an A. C. motor is 
used fo drive a controlled member in accordance 
with the magnitude and phase of an A. C. error 
signal applied fo one of themotor windings. In 
some A. C. servo systems, it is convenient fo ini- 
tially obtain the error signal as a D. C. signal, 
and in such cases it is apparent that a converter 
is required to convert the D. C. signal to a pro- 
portional A. C. signal. In other A. C. sero sys- 
tems, it is deslrable fo derive the A. C. error sigr 
nul directly from two D. C. signals which rePre- 
sent the positions of the controlled member and 
controlling member, resPectively. In such sys- 
teins, if is evident that a dtfferential converter, 
or modulator, is required which is able fo com- 
pare the two D. C. signals and produce an A. C. 
error signal which is proportlonal in magnitude 
to the difference between the D. C. signals, and 
which corresponds in phase to the algebraic sign 
of that difference. 
In certain servo applications, electromechan- 
ical modulators, such as "choppers," ,vibrators,'/ 
and so forth, may be satisfactory. However, such 
automatic mechanical switching arrangements 
are prone to failure, and for this reason cannot 
be employed in an application where certainty 
of operatlon is af all important. In such applica- 
tions, non-mechanical moduiators (normally 
electronic) are usually employed, and if is to 
such non-mechanical moduiators that this in.- 
vention relates. 
Non-mechanical modulators heretofore avail- 
able bave never been entirely satisfactory from 
all points of view, and the ch0ice of any particu: 
larone of the types available has represented a 
ompromise as fo undesirable characteristics. 
For example, presently avaflable types of elec- 
tronic modulators are in general unsatisfactory 
in one or more of their pertinent operating char- 
acteristic s, such as linearity, accuracy, amoun of 
drift, signal range, and modulation efficièncy. 
The principal obje'ct of the present invention, 
therefore, iS fo provide a non-mechantcal modu- 
ïator circuit havinEgreatly improvçd 0perting 
Characteristlcs. 

2 
Another object of the invention is fo provide 
improved means for C0nverting a D. C. signhl 
voltage fo a pr0potional A. C. signal voltgë: 
Still another object of the pregent invention 
5 is fo provide an improvèd circuit forderiving an 
A. C. signal proportlonal in magnitude, ard cor: 
responding in phase, fo the magnïtude and aige- 
braic sign of the ' 'différence bëtween tWO D. C. 
signais. 
lO A more speciflc object of the invention is fo 
provide a diffeential modulator hairïga C0ri- 
version efllciency ah orde óf magniude greatr 
than that ofpresent modula$ors of the type Wliich 
are dependert or/Second 0rder Variations in tùbe 
15 characteriStics. " ' 
Other objects and advantages of the invention 
wfll become"apParent from the, f011owing speci- 
flcaton taken in cor/necti0n  With thë attache 
drawings, wherein: ...... 
20 Figure 1 is a wiring diagram of an electronic 
circuit i]lusrating the: principles of the ir/vention 
as applied' t0 the conversi0n of a single D/CI sig- 
nul fo a c0rresPonding 21 C. signal;  
Figure 2 isa wiring diagram of an electronic 
25 circuit' illustrating the priniples of the inventi0 *n 
as applied fo the derivation of gn A. C. outpt 
signal corresponding t0 the differeice between 
two input D. C. signals; and 
Figure 3 is a representati0ï of thç WaVe forms 
30 which appear at various points in the circuit Of 
Figure 2 under various cnditons. 
App]icant has conceived tht greatly improved 
opera.tir/g characteistics in am0dulator Could be 
obtàined by adopting an entirelY new approach 
$5 fo tle prob!em. Thi new aPpro.ch inv01vës the 
introduction into the circuit of an auxiliary squarë 
wave voltage signal. The auxiliar Square Wave 
signal is m0difled in accordance with the D. Ci 
input signal or signals. Tïqe hs modifled square 
40 wave signal is then smoothed in aSuitable tirer 
circuit, the outPut of whch provides tlie desired 
A. C. outPu Sïgnal. Applfcant bas Constructed 
and tested a modulator according fo the princi- 
p]es of the present invention. The tests indi 
45 cate that in comparison Witlà presently avai]- 
able electronic mbdiflat0rs, the device is 1/ighly 
linear, bas ahigh degree Of açcuracy, a low drlft, 
is operable 0vera wide rance'of signal, ánd, in 
particu]r, bas a very high modulai0n efficiency. 
50 " Refërring now to Figfife i, a sqiare wave gen- 
erator ! of any Conventional type is provided. 
Squai'e wave genertor ! is adapted, When eiier 
gized from a 120 voltï .400 cycle:A. C. power suP 
ply: by way of input leads , to produce acrOss 
55 its output leads S, a square wave voltage Sis- 
nul, as indiCated at "/ The square wae gon- 
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3 
erator I will be understood to include amplifier 
stages in sufficient number to provide a square 
wave output signal having an amplitude suitable 
for the particular application. Since output lead 
4 is grounded, the square wave form 3' repre- 
sents the actual potential of lead 3 with respect 
to ground. 
Lead 3 is coupled to lead 5 through a suitable 
resistance-capacitance network, resistor 6 of 
which may, for example, be of the order of 0.8 
megohm. Lead 5 is connected to ground through 
a unidirectional device 7, which device is pref- 
erably a simple diode, such as one section of a 
6AL5 type vacuum tube. As shown, the cathode 
of tube 7 is cormected to lead 6, and its plate is 
connected to ground. Itis apparent, therefore, 
that tube 7 effectively short circuits lead 5 to 
ground insofar as negative potentials are con- 
cerned. Accordingly, the wave form 5', which 
represents the potential of lead 6 with respect to 
ground, does hot bave negative hall waves cor- 
responding to those of wave form -'. 
A second unidirectional device S, which also 
may be one section of a 6AL5 type 0_iode, ig 
provided, its plate being connected to lead 5, 
and its cathode being connected, by way of lead 
15, to the positive side of the D. C. input signal 
A at terminal 4. The other side of the D. C. 
input signal A is connected to grounded ter- 
minal 3. In the particular circuit arrangement 
shown, tl]e D. C. input signal must have a 
positive polarity, as will later be apparent. Since 
tube 9 operates to provide a short circuit be- 
tween lead 5 and lead |6 whenever the positive 
potential of lead 5 attempts to exceed that of 
lead 5, the positive half waves of wave form 
5' are limited in amplitude to a value substan- 
tially equal to the positive polarity input signal 
A. It will be apparent that in order to obtain 
this limiting action, the original peak to peak 
amplitude of the auxiliary square wave, as it 
appears on lead 3, must be at least twice as 
great as the maximum positive polarity signal 
A tobe expected in the particular application. 
There will appear, therefore, on lead 5 a square 
wave signal, as indicated at 5', which is at ground 
potential during every other half cycle, and, 
during alternate half cycles, has a positive po- 
tential substantially equal fo the D. C. input 
signal A. Thus, the peak to peak amplitude of 
the square wave signal appearing on lead 5 is 
substantially equal to the D. C. input signal A. 
This square wave signal is applied to the input 
of a conventional filter f6, which fllter is de- 
signed to extract the 400 cycle fundamental fre- 
quency component of the input square wave 
as well as associated side bands introduced by 
rime variations in the input signal A. Accord- 
ingly, there is produced at the output terrninals 
f6 of lïlter f6 the desired 400 cycle A. C. out- 
put signal E0 having an amplitude proportion 
to the D. C. input signal A. 
If desired, the circuit of Figure 1 could readily 
be adapted for use with a negative polarity D. 
C. input signal instead of a positive polaritY 
D. C. input signal. This could be accomplished, for 
example, by connecting the plate of tube 7 to lead 
f5 rather than to ground, and connecting the 
cathode of tube 9 to ground rather than to 
lead fS. Operation will then be the sarne as 
described above except that negative hall waves 
will appear on lead 5 rather than positive hall 
V¢aves. 
leferring now to Figure 2, wherein there is 
shown a circuit arrangement adapted to derlve 

4 
an A, C. output signal Eo proportional in mag- 
nitude, and corresponding in phase, to the mag- 
nitude and sign, respectively, of the difference 
between two positive polarity D. C. input signals 
5 (A and B), square wave generator  in thi 
case, provides across output leads 20, 2 an aux- 
iliary square wave voltage which ls balanced 
with respect to ground. Accordingly, the actual 
square wave potential signals of leads 2{} and 
10 2, taken with respect to ground, are 180 ° out 
of phase with respect to each other, as indicated 
at 0' and ', respectively. 
Leads 0 and 2 are resistance-capacitance 
coupled to leads 22 and 23, respectively. Equal 
15 resistors 24 and 6 of the coupling network mayo 
for example, be of the order of 0.8 megohm. 
Lead 2 is connected to lead 3 by way of re- 
sistor 6, potentiometer resistor 27, and resistor 
29, respectively. Resistors $ and 6 are equal 
2O and may be of the order of two megohms. The 
purpose of potentiometer resistor 27 is to com- 
pensate for any inequality which may exist be- 
tween resistors $ and 26, as well as any vari- 
ations in operating characteristics of the bal- 
"5 anced tubes. The variable tap on potentiom- 
eter resistor 27 is connected to lead 29, which 
lead in turn is connected to the input side of 
filter 6. As in Figure 1, filter 6 is adapted to 
pass the fundamental frequency comportent of 
3o the 400 cycle square wave applied to its input, 
as well as associated side-bands introduced by 
rime variations in the input signals A and B. 
The desired A. C. output signal Eo then appears 
across output terminals 9 of the filter, as will 
35 later be apparent. 
A duo-diode vacuum tube 30, which may be 
a type 6ALS, is provided, the cathodes thereof 
being connected to leads 2 and 3, respectively, 
and the plates thereof having a common con- 
0 nection to ground. Tube 3{} effectively short- 
circuits leads  and 3 to ground insofar as 
negative potentials are concerned, thus pre- 
venting negative excursions of potential on these 
leads. Since the auxiliary square waves applied 
to leads 2 and 3, respectively, are 180 ° out 
45 of phase with respect to each other, the upper 
and lower hall sections, respectively, of tube 3{} 
will be conducting during opposite hall cycles. 
Another duo-diode vacuum tube 3, which also 
may be a type 6ALS, bas its plates cormected 
5O to leads  and 3, respectively, and its cathodes 
cormected by way of leads 36 and 39, respectively, 
to the respective cathodes of a duo-triode 
vacuum tube 32, which may be a type 12AU7. 
The cathodes of tube 32 are connected together 
55 through resistor 33, potentiometer resistor 34, 
and resistor 35, respectively. Resistors 33 and 
35 are equal and may be of the order of 0.2 
megohm. The variable tap on potentiometer 
resistor 34 is connected fo the negative side of 
60 a balanced D. C. power supply. The plates of 
tube 3 bave a common connection to the posi- 
tive side of the balanced D. C. power supply. 
The positive polarity D. C. input signal A 
applied across input terminals 3, 4, and the 
65 positive polarity D. C. input signal B is applled 
across input terminals 36, 37. Input terminals 
3 and 36 are grounded, and input terminals 
4 and 37 are cormected respectively to the con- 
trol grids of tube 
70 It will be apparent that tube 3 and its as- 
sociated circuit elements form a balanced cath- 
ode follower circuit. Accordingly, cathode leads 
36 and 39 are maintained at positive potentials 
which are substantially equal to the D. C. input 
7 signals A and B, respectively. Due to the short 



circUiting effect of tube. 31, ttie maximum posi- 
tive potential of lead 22 is limited t0 a value 
substantially equal te the D. C. signal A, and 
the maximum positive potential of lead 23 is 
limited te a value substantially equal te the 5 
D. C. Signal B. I-îere again, in order t0 obtain 
this limiting action, the peak te peak amplitude 
o! the auxiliary square wave signal supplied by 
generator ! must be greater than twice that of 
the maximum D. C. input signal te be expected. 
The variable tab on potentiometer resistance 
34 provides a convenient adjustment te c0mpen- 
sate for any inequality which may be present 
between reslstors 33 and 35, as well as for vari- 
ations in operating characteristics of the two 15 
half-sections of tube 32. 
Accordingly, for the duration of .every other halï 
cycle, lead 23 is at ground potential, and lead 
bas a positive potential, substantially equal te the 
D. C. input signal A. Since this positive poten- 
tial is equalty divided by equal resistorS 25 and 28, 
lead 29 bas for these hall cycles a positive po- 
tential substantially equal te one-half of the D. C. 
signal A. This is indicated by wave forms 
23', and 29', which represent the potential of 5 
leads 22, 23, and 29, respectively. On alternàte 
half cycles, lead 22 is maintained at grotmd po- 
tential, lead 23 bas a positive potential substan- 
tially equal te the D. C. input signal B, and lead 
29 has a positive potential substantiatly equal te 30 
one-half the D. C. input signal B. 
Thus, as indicated at 29', lead 29 bas a poten- 
tiäl substantially equal te one-half of the D. C. 
signal A for the duration of every other hall cycle, 
and a potential substantialty equal te one-hatf 
of the D. C. signal B for the duration of the alter- 
nate haif cycles. The peak te peak amplitude of 
the Square wave pOtential signal appearing on 
lead 2 is thus substantially eqUal te one-half the 
difference between signals A and B. Frther- 40 
more, it wfll be apparent that the phase of the 
square wave signal 29' will depend upon the rela- 
tive magnitudes of signals A and B. The partic- 
ùtar phase shown results when signal A is greater 
ttian signal B. If signal A Were smàller than 45 
signal B, the phase of square Wavê 29' would be 
revesed. Since fllter f5 extracts the fundamen- 
rat frequency compOrtent of the square wave ap- 
plied te its input, the desired A. C. output signal 
E0 is provided across output terminals |8, the 50 
magnitude of E0 being proportional te the quan- 
tity (A--B), and the phase of E0 depending uPon 
the sign of the quantity (A--B). 
In Figure 3, the relationship between wave 
ferres 22', 23', and 29' are more Clearly illustrat- 
ed for three different cases. 
Case I (Figures 3a, b, and c) illiistrates the 
Wàve ferres under the condition that the D. C. 
input signals A ànd B are equal, in this case, 
as ir all cases, wave ferre 22' is a square wave 
having a peak te peak amplitude equal t0 A, and 
Wäve ferre 23' is a square wave of opposite phase 
haing a peak o peak amplitude equal te B. As 
described above, the effect of eqùal resistors 2G 
arid 23 ig such that thë resuiting wavê fm'm 29' 
mày be obtained by dividing each of wave ferre 
22' ànd 23' bY two and then superimposing them. 
In this case, it is apparent that the wave ferre 
29', Which is obtainèd, has a constant value 
equal te 70 
A B 
2--2 
Accordngly, the A. C. oùtpu signal p0duced is 
zero, in ths instanoe, in confority with the 

requirement that E0 be proportiont te the quan-. 
tity (A--B). 
Case II (Figures 3d, e, and ]) illustrates the 
wave ferres under the.c0ndition that A is greater 
than B, this being the condition specifically illus« 
trated in Figure 2. When wave forms 22' and ' 
are hatved and superimposed, the resulting wave 
ferre 29', in this instance, is a square wave hav- 
irg a pëak te peak amplitude equat te ½(A--B). 
Accordingly, the A. C. oUtput E0 is proportional te 
the magnitude of the quantiy (A--B) as re- 
quired. 
Case III (Figures 3ff, h, and i) illustraoes the 
wave forms under the condition that B is greater 
than A. Here again., the resulting wave ferre 29' 
is a square wave having a peak te peak amplitudi 
equal te one-half the difference between signats 
A and B. Accordingly, thë A. C. output signal E0 
is proportional te the magnitude of the quantity 
(A--B), as required. If will atso be noted that 
the wave f0rm 29' of case III is 180 ° out of phase 
with respect te wave ferre 29' of case II. 
cordingty, the A. C. output signal E0 will aise be 
reversed in phase in the two cases. This reversat 
in phase occurs as a result of the reversal in sign 
of the quantity (A--B) in the two cases, as de- 
sired. 
For best results, there are certain criLeïia which: 
are preferably observed in the design of the cir- 
cuit of Figure 2. As has already been mentioned, 
the peak te peak amplitude of the auxfiiary square 
wave signal supptied by generator | must be great- 
er than twîce the maximum value of either D: C. 
input signal, and is preferably substantially great- 
er. îhe auxiliary square wave signal shouid have 
aCcurately balanced and identical opposing hatf 
waves, and preferably should conform quite ac- 
curately te a truc square wave. Also, the ohmic 
Valueof resistors 24 and 25 should be high in conl- 
parison with the resistance in the conducting di- 
rection of tube 3f and its associated D. C. input 
signal ciïcuits. In this connection, the purpose 
of the cathode foltower circuit of tube 32 is te 
maintain this ratio high and thereby improve the 
ope'àting characteristics of the overall circuit. 
Iî the D. C. input signals are high and/or their 
source impedances are low, the cathode follower 
circuit of tube 2 might be dispensed with com- 
pletety, as was done in the circuit of Figure 
In such case, terminats f4 and 3 could be con- 
nected directty te the respective cathodes of tube 
. f. Conversely, in the circuit of Figure 1, it might 
be desiràbte, in a Particuiar application, te pro- 
vide a cathode feltoWer between the D. C: input 
signal A and tube 9 in ortier te reduce the source 
impedance introduced into the circuit. 
A mathematical analysis by means of the 
Fourier seïies can be ruade te determine the 
pro,portionatity constant which relates the ampli 
rude of the fundamental frequency comportent 
of wave fomn 2' te its actual aznplitude as a 
square Wave. Such an anal:sis indicates that the 
proportionality constant is 1.273. Since 'thé 
peak topeak amplitude of square wave ferre 
is equal te the quantity ., (A--B), the actual A. C. 
output signal E0 bas a peak te peak amplitude 
equàl t.o 0.6366(A--B), that is, the modulation 
efflciency of the modutator shown in Figure 2 is 
63÷%. This is an improvement by better than 
an order of magnitude over the modulation 
efficièncy of approximately 3 % provided by con 
ventional electronic modulators which rely on 
second order variations in tube characteristics, 
such as the screen grid balanced modulators. 
As actUally illustrate¢i InFlgtre 2, the circuit 
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requires that the D. C. input signals A and B have 
positive polarities. I-Iowever, the circuit could be 
readfly modified to accommodate negative 
polarity D. C. input" signals, if desired. For ex- 
ample, if it were desired to employ nega- 
rive polarity D. C. input signals, both cathodes 
of tube 3 would be connected to ground instead 
of to leads 38 and 39, and the plates of tube 30 
would be disconnected from ground and con- 
nected respectively to leads 38 and 39. 
It should be noted that diodes 7 and 9 of Fig- 
ure 1, and duotriodes 30 and 3 of Figure 2, 
serve as unidirectional conduction devices. In- 
sofar as the principles of operation of the present 
invention are concerned, they couid be replaced 
by other types of unidirectional devices, such as 
copper oxide rectifiers and so forth. 
In the interest of siInplifying the explanation 
of the operation of the circuit of Figure 2, the 
effect of the constant bias of the cathode follower 
circuits of tube 32 has not been taken into ac- 
count in the above description. Actually, the 
potentials of leads 38 and 3S, instead of being 
equal to the D. C. signals A and B, respectively, 
will be more positive by a constant amount equal 
to the tube bias. Accordingly, the amplitude of 
the positive puises of wave forms 22' and 23' will, 
in each case, be increased by a constant amount. 
It will readily be apparent that the only effect 
on square wave form 29' will be that its D. C. 
reference potential will be raised, its peak to peak 
amplitude remaining exactly the saine as here- 
tofore described. In order to obtain the necessary 
limiting action of tube 3, the peak to peak 
amplitude oÏ the auxiliary square wave produced 
by generator  must actually be at least twice the 
sure of this bias plus the maximum D. C. signal 
to be expected. If will also be apparent that by 
reason of this cathode follower bias, the circuit 
arrangement of Figure 2 may accommodate nega- 
tive polarity D. C. signals of magnitudes less than 
that of the bias, as well as .positive polarity D. C. 
signals. 
It will be obvious to those skilled in the elec- 
tronics art that there may occur many instances 
in which it may be desirable to derive a square 
wave bearing the particular relationship to two 
D. C. input siguals that wave form 29' bears to 
the D. C. signals A and B. Accordingly, the cir- 
cuits of Figures 1 and 2 are generally useful in 
the absence of the final filter  8. 
Since many changes could be ruade in the 
above construction and many widely different 
embodiments of this invention could be ruade 
without departing from the scope thereof, itis 
intended that all matters contained in the above 
description or shown in the accompanying draw- 
ings shall be interpreted as illustrative and not 
in a limiting sense. 
I claire: 
I. Apparatus for producing at ifs output ter- 
minals a variable amplitude square wave volage 
signal having an instantaneous peak to peak am- 
plitude substantia]ly equal fo a variable ampli- 
tude D. C. input signal, comprising a constant 
amplitude square wave generator for producing 
an auxiliary square wave voltage signal, means 
coupling said square wave generator to the out- 
put terminals of said apparatus, and two par- 
allel circuits cormected across the output ter- 
minals, one of said parallel circuits consisting of 
a unidirectional conduction device, and the other 
of said parallel circuits consisting of a second 
unidirectional device and means for connecting 
Lu series theewith, in a direction fo oppose con- 
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duction therethrough, said D. C. input signal, 
said two unidirectional devices .being connected 
in said two parallel circuits in opposed conducting 
relaçionship. 
5 2. Apparatus foi' converting a variable ampli- 
tude D. C. input voltage signal to a correspond- 
ing variable amplitude A. C. output voltage sig- 
nal, comprising a constant amplitude square 
wave generator for producing at ifs output ter- 
10 minals an auxfliary square wave voltage signal, 
a filter adapted to pass frequencies in the vicin- 
ity of the fundamental frequency of said aux- 
iliary square wave signal, a coupling circuit in- 
terconnecting the output of said generator and 
15 the input of said filter, and two circuits con- 
nected in parallel across the input of said filter, 
one of said parallel circuits consisting of a uni- 
directional conduction device, and the other of 
said parallel circuits consisting of a unidirec- 
20 tional conduction device and means for connect- 
ing in series therewith in a direction to oppose 
conduction therethrough, the D. C. input volt- 
age signal tobe converted, said two unidirec- 
tional devices being connected in said two par- 
25 allel circuits in opposed conducting relationship, 
the output of said filter providing the desired 
A. C. output voltage signal. 
S. Apparatus for converting a variable ampli- 
tude D. C. input voltage signal referred to ground 
30 to a corresponding variable amplitude A. C. out- 
put voltage signal, comprising a constant ampli- 
tude square wave generator having one of its out- 
put tertninals grounded, a filter circuit having 
one of its input terminals grounded and being 
35 adapted to pass frequencies in the vicinity of 
the operating frequency of said generator, a 
coupling circuit interconnecting the ungrounded 
output terminal of said generator and the un- 
grounded input terminal of said filter circuit, a 
40 unidirectional conduction device connected fo 
effectively short circuit to ground the un- 
grounded input terminal of said filter circuit 
with respect to voltages of an opposite polarity 
from the polarity of the D. C. input voltage 
45 signal, and a second unidirectional conduction 
device connected to effectively short circuit the 
ungïounded input terminal of said filter to the 
ungrounded side of said D. C. input voltage sig- 
nal with respect to voltages of the same polarity 
50 as said D. C. input voltage signal, the output 
of said filter circuit providin the desired A. C. 
output voltage signal. 
4. Apparatus for producing at its output ter- 
minals a square wave voltage signal having a 
peak to peak amplitude proportional to the dit- 
55 ference between two D. C. input voltage signals 
of the saine polarity, and having a phase cor- 
responding to the sign of that difference, com- 
prising a square wave generator for producing 
at its output terminals an auxiliary square wave 
60 
voltage signal balanced with respect o ground, 
a four resistor series circuit connected across the 
output terminals of said generator, the second 
and third of said resistors having equal resist- 
65 ance values, a first unidirectional conduction de- 
vice connecting the point intermediate the flrst 
and second of said resistors to ground, a second 
unidirectional conduction device connecting said 
point to ground through one of the D. C. input 
70 voltage signais in a direction to oppose conduc- 
tion through said second unidirectional con- 
ducting device, said first and said second uni- 
directional devices being connected in opposed 
conducting relationship, a third unidirectional 
75 conduction device connecting the point inter- 
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mediate the third and fourth of said resistors 
to ground, and a fourth unidirectional conduc- 
tion device connecting said last named point fo 
ground through the other D. C. input voltage 
signal in a direction fo oppose conduction 
through said fourth unidirectional conducting 
device, said third and said fourth unidirectional 
devices being connected in opposed conducting 
relationship, the desired square wave output 
voltage signal appearing between ground and a 
point intermediate the second and third of said 
resistors. 
5. Apparatus for providing an A. C. output 
voltage signal proportional in magnitude, and 
corresponding in phase, fo the magnitude and 
sign, respectively, of the difference .between two 
D. C. tnput signals of the saine polarity, com- 
prising a square wave generator ïor producing 
at ifs output termina!s an auxiliary square wave 
voltage signal balanced with respect to ground, 
a four resistor series circuit connected across the 
output terminals of said generator, the second 
and third of said resistors having equal resist- 
ance values, a first unidirectional conduction de- 
vice connecting the point intermediate the first 
and second of said resistors fo ground, a sec- 
ond unidirectiona] conduction device connecting 
said point to ground through one of the D. C. 
input voltage signals in a direction fo oppose 
conduction through said second unidirectional 
conduction device, said first and said second uni- 
directional devices being connected in opposed 
conducting relationship, a third unidirectional 
conduction device connecting the point interme- 
diate the third and fourth of said i'esistors to 
ground, a fourth unidirectional conduction de- 
vice connecting said last named point fo ground 
through the other D. C. input voltage signal in 
a direction to oppose conduction through said 
fourth unidirectional conduction device, said 
third and said fourth unidirectional devices 
being connected in opposed conducting relation- 
ship, and a filter circuit having ifs input ter- 
minals connected between ground and the point 
intermediate the second and third of said re- 
sistors, for extracting the fundamental fre- 
quency component of the square wave voltage 
signal which appears between ground and said 

Number 
2,148,718 
2,285,044 

10 
last named point, the output of said fllter cir- 
cuit providing the desired A. C. output voltage 
signal. 
6. Apparatus foï" providing an A. C. output 
5 voltage, signal proportional in magnitude, and 
corresponding in phase, to the magnitude and 
sign, respectively, of the difference between two 
D. C. input voltage signals of the saine polarity, 
comprising a square wave generator for produc- 
10 ing at ifs output terminals an auxiliary square 
wave voltage signal balanced with respect to 
ground, a fore" resistor series circuit connected 
across the output terminals of said generator, 
the second and third of said resistors having 
15 equal resistance values, a first pair of diodes 
having their cathodes connected respectively to 
a point intermediate the first and second of said 
resistors and fo a point intermediate the third 
and fourth of said resistors, a second pair of 
20 diodes having their plates connected respectively 
fo a point intermediate the first and second of 
said resistors and fo a point intermediate the 
third and fourth of said resistors, one of said 
pair of diodes having their other electrodes con- 
25 nected together and to ground, the other of said 
pair of diodes having their other electrodes con- 
nected respectively fo ground through the re- 
spective D. C. input voltage signals in a direc- 
tion fo oppose conduction through said other pair 
30 of diodes, and a filter circuit, having ifs input 
termina]s connected between ground and a point 
intermediate the second and third of said re- 
sistors, for extracting the fundamental fre- 
quency comportent of the square wave voltage 
35 signal which appears between ground and said 
]ast-named point, the output of said filter cir- 
cuit providing the desired A. C. output voltage 
signal. 
EF6CËLL E. Sw. JOHI. 
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